Introduction
Heavy metals are a group of elements with a mass density greater than 4.5 g cm -3 , which tend to release electrons in chemical reactions and form simple cations. Heavy metals such as, Cd, Ni, Co, Cr, and Pb is potentially toxic; in addition, their effects in water, plants, and soil are very important. Prolonged accumulation of heavy metals through food stuff may lead to chronic effect in the nerve system, kidney and liver of humans [1] [2] [3] [4] . The sources of anthropogenic contamination or pollution of the environment by heavy metals include different branches of industry, the power industry, transport, municipal waste management, waste dumping sites, fertilizers and waste used to fertilize soil. The heavy metals from these sources are dispersed in the environment and they contaminate soil and water. They also (directly or indirectly through plants) get into human and animal bodies. After entering heavy metals from water or soil to vegetables these metals can enter people's diet and consequently exert their effects. Soil chemical composition plays important role in composition of plant materials. Overall toxic metal availability in soil contributes to metal contents in vegetables. Soil eco-system throughout world has been contaminated with heavy metals by various human activities and movement of metals in food chain has become human health hazard [5, 6] . Nickel does not bio-accumulate to a great extent in animals. There is evidence of uptake and accumulation in certain plants. Nickel food intake in the United States ranges is between 69 and 162 μg per day for adults. The standard of United Nations Food for irrigation water is 200 μg L -1 . The US EPA primary drinking water standard is 0.1 mg L -1 [7] . The trace amount of nickel and cobalt, are indicated to be either necessary or toxic depending on their environment concentration range. For example, due to studies on chicks and rats, nickel is apparently essential for proper liver function, or cobalt is at the core of a vitamin B12. On the other hand, some of nickel and cobalt compounds are carcinogenic [8] [9] [10] . Lead is a common industrial toxin and environmental pollutant and can enter the human body. It can affect the nervous system significantly, especially on the central nervous system. Industrial development has paid attention to the adverse effects of lead pollution on people's health [11] . A series of literatures also showed that even if children's blood lead levels below 10 μg dL -1 , they can appear significant neurological dysfunction. Some researchers showed that many rivers had lost its self-purification capacity because of receiving so many industrial wastewaters [12] [13] [14] . Cadmium is highly toxic and has been implicated in some cases of poisoning through food. Minute quantities of cadmium are suspected of being responsible for adverse changes in arteries of human kidneys. The FAO-recommended maximum level for cadmium for irrigation water is 10 μg L -1 . USEPA drinking water standard for cadmium is 0.005 mg L -1 [15] . Chromium can enter the human body through breathing, food and drinking water. Chromium salts are used extensively in industrial processes and may enter a water supply through the discharge of wastes. Chromium may exist in water supplies in both the hexavalent and the trivalent state although the trivalent form rarely occurs in potable water. USEPA drinking water standard for chromium and FAO recommended the maximum limit for irrigation water as 100 μg L -1 [16] . The World Health Organization (WHO) states that the guideline values of 50 μg.L −1 Cr (VI) are considered to be too high as compared to its Geno toxicity [17] [18] [19] . Thus it is obvious that determination of heavy metals, at trace level, in water and environmental samples is of great significance from the public health and environmental point of view. Wastewater irrigation has been practiced widespread in the world [20, 21] . Wastewater irrigation creates both opportunities and problems in agricultural source [22] . It provides important water resources and has the beneficial aspects of adding valuable plant nutrients and organic matter to soil [23] . However, excessive accumulation of heavy metals in agricultural soil through wastewater irrigation may not only result in soil contamination, but also affect food quality and safety [24] . It is necessary and important to develop sensitive methods for determining heavy metals in soil, and water samples and then, the results must be compared with World Health Organization (WHO) and Environmental Protection Agency (EPA) [25, 26] . Various techniques such as, inductively coupled plasma mass spectrometry [27, 28] , flame atomic absorption spectrometry (F-AAS) [29] , electrothermal atomic absorption spectrometry (ET-AAS) [30, 31] and cold vapor atomic absorption spectrometry(CV-AAS) [32] have been applied for the determination of soil and water samples. The aim of this study was to monitor the toxic heavy metals such as, Cd, Cr, Ni, Co, and Pb in well waters, drinking waters, waste waters and soils in Isfahan's industrial regions and evaluation of environmental pollution in this area. After microwave digestion of samples the concentration of heavy metals were determined by ET-AAS. The results of data were analyzed using SPSS statistical programmer, PHSTAT, and excel computer packages.
Experimental procedure

Apparatus and materials
Determination of heavy metals (Cd, Cr, Ni, Co, Pb) was performed with a spectra GBC electrothermal atomic absorption spectrometer (Plus 932, Australia) using a graphite furnace module (GF3000, GBC). The operating parameters for the metal of interest were set as recommended by the manufacturer. All samples in ET-AAS were performed using 20 μL of samples. The pH values of the solutions were measured by a digital pH meter (Metrohm 744). Microwave digestions were carried out with a Multi-wave 3000 (Anton Paar, 100 mL, 20 bar; Austria). The instrumental and temperature programming for the graphite atomizer are listed in Table 1 and 2. All reagents were of ultra-trace analytical grade from Merck Germany. Cd, Cr, Ni, Co and Pb stock solution was prepared from an appropriate amount of the nitrate salt of this analyte as 1000 mg L -1 solution in 0.01 mol L -1 HNO3 (Merck). Standard solutions were prepared daily by dilution of the stock solution. Ultrapure water (18 MΩ.cm) was obtained from Millipore Continental Water System (Bedford, USA).
Sampling
In this study, Cr, Co, Ni, Cd and Pb of soil, well water and drinking in eight different location of Isfahan industrial area were evaluated. For sampling, all glass tubes were washed with a 1 mol L -1 HNO 3 solution for at least 24h and thoroughly rinsed 8times with ultrapure water before use. As determination of heavy metals concentration in soil samples are very difficult, even contamination at any stage of sampling, sample storage and handling or analysis has the potential to affect the accuracy of the results. All samples prepared in the vicinity of Isfahan industries. Soil and water were sampled from eight points of Isfahan's industrial zone. All of samples prepared from south of Isfahan province (4*4 km2) ( Fig.1 ). Due to large study area Global Positioning System (GPS) was used to determine the actual coordinates of the sampling sites and to reconfirm the location of the sampling site during subsequent sampling periods. In preliminary studies soil and water investigation consists of eight locations, in order to determine and to provide ground information for subsequent detailed planning of the future work. For soil sampling multiple sub samples were taken from each location and then samples were homogenized into composite sample with stainless spoon and then sub sampled by spoon into each sample container to get accurate results.
General procedure
Five samples of well/drinking water(16×5), wastewaters (10) and soil(8×5) were collected from eight Isfahan's industrial region (N=130). Samples were placed in polyethylene bags and brought to laboratory of IPIHR for analysis. All samples were washed with tap water followed with DDW (double de-ionized distil water). In the laboratory, the soil samples after air drying at room temperature were sieved with nylon mesh (2 mm). The <2 mm fraction was grinded in an agate and pestle and passed through a 63 micron sieve. Selected physiochemical properties of these soils were analyzed using standard methods. Soil pH was measured in suspension of soil to water ratio (1:2 ) using calibrated pH meter. Briefly, 1 g of the soil sample was placed in a decomposition polyethylene tube to which was added 1 mL of 10 % (w/w) H 2 O 2 and 7 mL HNO 3 concentrate. The mixture was digested by heating and irradiating for 60 min by microwave digestion system (MDS). After heating the sample at 120 o C the volume of the digested sample was set to 0.5 mL and dilution up to 3 mL with DDW. Following the instruction of Instrument operational manual provided by manufacturer, analysis of Ni, Co, Cd, Cr, and Pb was carried out using atomic absorption spectrophotometer coupled with graphite furnace assembly. The blank solutions proceeded the same way and are used for the preparation of the calibration solutions and for measurement of the blanks. Soil samples were prepared in 3 depth of surface earth (5 cm, 50 cm, and 100 cm). In order to quantitating analyze and confirm the relationship among soil properties and heavy metal content, the correlation analysis was applied to dataset.
Results and discussion
The results of determination of heavy metals in Isfahan's industries regions show that the concentration of Cr, Co, Ni, Cd and Pb in drinking water and soil were very low and did not exceed the permissible levels (TLV). In soil samples, all of heavy metals (Cr, Co, Ni, Cd, Pb) have low concentration in accordance to EPA and WHO references. In addition, soil samples collected from the land irrigated with waste water were higher than well water . Heavy metals accumulated in the surface soil layer may migrate into the deeper layers, and consequently pose a threat of well water contamination. The parameters of pollutants depend on the type of soil and its properties. deeper layers of soil. Concentrations of Cr, Co, Cd and Ni in waste water near industrial region (were higher than well water and lead was not significant effect (P<0.05). The dietary limit of metals in water and soil is very important and permissible limits of the metals in soil and water have reported by FAO/ WHO [20] [21] [22] [23] [24] (Table 3 ). Mean concentration of Ni, Co, Cr, Cd and Pb in soil, well/drinking water obtained in Table 4 . Many industries located near agricultural land in Isfahan's regions. Some of points (A, B) was near to industries regions have higher concentration of heavy metals than other points (C-H). Nickel is a toxic metal that occurs naturally in environment.
Results of our study show that maximum concentration of nickel was found in waste water (246.32 μg L -1 ) and the minimum concentration in well water and drinking water were obtained 37.43 μg L -1 and 8.26 μg L -1 .
The mean concentration of nickel in drinking water, well water and soil were 22.12 ± 1.86 μg L -1 , 146.48±7.12 μg L -1 and 3.47 ± 0.18 μg g -1 , respectively. Cobalt is an essential micronutrient for man, animals, and plants for a range of metabolic process. However, in any case the use of cobalt supplementation has been associated with toxic side effects such as cardiomyopathy. The high concentration of cobalt in human as compare to the maximum permissible limits (0.01 μg g -1 ) can be affected on nervous system, bones, liver, 
Conclusion
In this study, the concentration of heavy metals such as Cr, Co, Cd, Pb, and Ni in soil, well water and waste water in Isfahan's industries regions were analyzed. After digestion the soil and waste water samples with microwave, the concentration of heavy metals determined by ET-AAS. The concentrations of Cr, Co, Cd, Pb and Ni in drinking water and soil have low TLV with compared to WHO/FAO references. But the same metals except lead have high concentration in well water. Lead concentration was not significant in samples (P<0.05). Figure 1 showed that the A,B points have higher concentration of heavy metals than other points in Isfahan's regions. The mean concentration of Cr, Ni, Co, Cd, and Pb in well water were 95.24 ± 4.31, 146.48 ± 7.12, 185.48 ± 9.03, 12.37 ± 1.33, and 11.64 ± 0.53, respectively. Therefore, Cr, Co, Cd, and Ni in well water from these regions can probability cause pollution in environmental and humans. In addition, the concentrations of such elements in soils and well/drinking waters are less and near found in accordance to EPA and WHO references, respectively. Therefore, the pollution of heavy metals such as; Cr, Co, Cd and Ni in Isfahan industrial regions can be diffused to well waters and eluent waters and cause many problems in plants and humans.
Nomenclature
DDW: double de-ionized distil water WHO: Water Health Organization
